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(57)Abstract: 

PROBLEM TO BE SOLVED: To contrive not to extend the area of a 
semiconductor device due to the large number of necessary protective circuits by 

radially connecting positive power sources to a common contact at the center 
and providing a protective circuit using an element for protecting power source 
from static discharge between the contact and each positive power source. 



SOLUTION: A semiconductor device is provided witli N circuits C1 , C2,..., CN 
wliicli are respectively connected to positive power sources E1, E2,..., EN and 
grounds G1, G2,..., GN. The power sources E1, E2,..., EN are radially connected 

to a common contact A at the center and protective circuits 1-1, 1-2 1-N which 

protect the circuits C1-CN from static discharge are respectively connected 
between the contact A and the power sources E1-En. The number of the 
protective circuits necessary for the number N of positive power sources or 
negative power sources becomes N. Therefore, the number of necessary 
protective circuits can be made the smaller, the more the number of the positive 
or negative power sources increases. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The semiconductor device characterized by preparing the protection 
network which connected each positive supply to the radial focusing on the 
common contact, and used the component for electrostatic-discharge protection 
between this contact and each positive supply in the semiconductor device with 
two or more power sources each other separated electrically. 
[Claim 2] The semiconductor device characterized by preparing the protection 
network which connected each negative supply or each gland to the radial 
focusing on the common contact, and used the component for electrostatic- 
discharge protection between this contact, each negative supply, or each gland 
in the semiconductor device with two or more power sources each other 
separated electrically. 

[Claim 3] The semiconductor device according to claim 1 or 2 with which said 
component for electrostatic-discharge protection is realized by protection diode. 
[Claim 4] Said protection network is a semiconductor device according to claim 1 
or 2 which is the circuit which connected two or more protection diodes to the 
serial, and constituted between one of positive supplies, and each of other 
positive supply, or between one of negative supplies, each gland and each of 
other negative supply, or each gland. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to amelioration of a semiconductor 
device equipped with the electrostatic-discharge (Electric Static Discharge 
(ESD)) protection network constituted especially by protection diode about a 
semiconductor device with two or more power sources each other separated 
electrically. 
[0002] 

[Description of the Prior Art] In a semiconductor device, there are some which 
have a power source for each circuit in equipment, for example, by potential 
fluctuation between power-sou rce-GND at the time of a buffer drive (gland), 
when the CMOS buffer which may drive the mass load besides semiconductor 
memory and equipment is built in in the same semiconductor device, in order to 
prevent the potential fluctuation between power-source-GND of a memory circuit 
with comparatively high sensibility to the potential fluctuation between power- 
source-GND, the power source of a buffer and each memory and GND may be 
separated 

[0003] Moreover, since high integration of a semiconductor device progresses 



and a current cannot be supplied to all circuits in equipment with one power 
source recently, two or more power-source input terminals may be prepared in 
one semiconductor device, and, as a result, the circuit in equipment may have a 
power source for each circuit with one semiconductor device. 
[0004] Here, the conventional configuration at the time of preparing an 
electrostatic-discharge protection network (henceforth a "protection network") is 
explained to a semiconductor device with such two or more power sources using 
drawing 3 , drawing 4 , and drawing 5. the semiconductor device shown in 
drawing 3 -- circuits C1, C2, and C3 and .... the circuit of N individual of CN -- 
having - a circuit C1 - a power source E1 and GND(or negative supply) G1 - a 
circuit C2 - power sources E2 and GNDG2 ~ as - each circuits C1-CN ~ 
respectively - each power sources E1, E2, and E3 and .... EN ~ and - each - 
GND(or negative supply) G1, G2, G3, and .... GN is alike, respectively and it 
connects. 

[0005] Between a power source E1 and a power source E2, a protection network 
2-1 between a power source E1 and a power source E3 here a protection 
network 2-2 The protection network is inserted, respectively between each power 
source and each power sources of other and between each GND and each GND 
of other as a protection network 2-3 is inserted between GNDG1 and GNDG2 
and the protection network 2-6 is inserted between GNDG1 and GNDG3, 
respectively. 

[0006] This protection network consists of two diodes, D1 and D2, in many cases, 
as shown in drawing 4 . When inserting now the protection network shown in 
drawing 4 among GNDG1 and GNDG2 which are shown in drawing 3 , as shown 
in drawing 5 , series connection of between the terminals 1 and GNDG(s)2 which 
operate on the basis of GNDG1 is carried out by two diodes, diode D3 and diode 
D1. Even if the high-voltage pulse by the electrostatic discharge is impressed 
between a terminal 1 and GNDG2 at this time, it prevents a pulse's being eased 
by the capacity of two diodes, D1 and D3, and an internal circuitry E1 being 
destroyed by the high-voltage pulse. 



[0007] Thus, when a semiconductor device has two or more power sources and 
GND, in order to protect the circuit which operates on the basis of one power 
source and GND from the high-voltage pulse by the electrostatic discharge by 
which it is impressed on the basis of all other power sources and GND and to 
prevent internal-circuitry destruction, as shown in drawing 3 , the protection 
network is inserted between each power source and each of other power source 
and between each GND and each of other GND. 
[0008] 

[Probiem(s) to be Solved by the Invention] However, by the insertion method of 
the conventional protection network as shown in drawing 3 - drawing 5 , the 
required number of protection networks increases at an increasing tempo as the 
number of power sources and the number of GND increase, and there is a 
problem of becoming the factor in which the area of a semiconductor integrated 
circuit increases. That is, it is because several 1 shown below asks for the need 
number of a protection network to the number N of power sources by the 
conventional approach. 
[0009] 
[Equation 1] 

Need number =(N-1) +(N-2)+ of a protection network .... Supposing the number 
of power sources of six pieces is in +1 , for example, a semiconductor device, 15 
protection networks are required. Supposing the number of GND is also six 
pieces here, since the protection network of the same number is required also of 
the GND side, a total of 30 protection networks are needed. 
[0010] This invention is made in view of the above-mentioned trouble, and the 
purpose is in offering the semiconductor device which can prevent increase of 
the area of the semiconductor device resulting from there being much need 
number of a protection network by reducing the need number of a protection 
network in a semiconductor device with two or more power sources and GND. 
[0011] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose. 



the semiconductor device by this invention In a semiconductor device with two or 
more power sources each other separated electrically, each positive supply is 
connected to a radial focusing on a common contact. The protection network 
which used the component for electrostatic-discharge protection is prepared 
between this contact and each positive supply, and each negative supply or each 
gland is connected to a radial focusing on a common contact, and it is 
characterized by preparing the protection network which used the component for 
electrostatic-discharge protection between this contact, each negative supply, or 
each gland. 

[0012] Furthermore, said component for electrostatic-discharge protection is 
realized by protection diode, and said protection network is characterized 
between one of positive supplies, and each of other positive supply, or by being 
the circuit which connected two or more protection diodes to the serial, and 
constituted between one of negative supplies, each gland and each of other 
negative supply, or each gland. 
[0013] 

[Function] According to this invention, the required number of protection networks 
is N individual to the number N of power sources, or the number N of glands. In 
the conventional example, only several combination minutes of a power source 
or a gland, since the protection network is required, the need number of a 
protection network is reducible, so that a power source or the number of glands 
increases according to this invention. Therefore, when it has two or more the 
above power sources and numbers of glands partly (for example, six pieces), the 
need number of a protection network can be reduced and increase of the area of 
the semiconductor device resulting from there being many required numbers of a 
protection network can be prevented. 
[0014] 

[Embodiment of the Invention] Hereafter, the gestalt of operation by this invention 
is explained with reference to a drawing, the semiconductor device which 
drawing 1 is the block diagram showing the gestalt of operation of the 



semiconductor device by tliis invention, and is sliown in drawing 1 -- circuits C1, 
C2, and C3 and .... tine circuit of N individual of CN -- having - eacli of Circuits 
C1-CN -- positive supplies E1, E2, and E3 and .... EN -- respectively -- reaching - 
- GND(or negative supply) G1, G2, G3, and .... it connects with each of GN. 
[0015] the protection network 1-1 for positive supplies El -EN being connected to 
the radial focusing on the common contact A, and protecting each circuit from the 
high-voltage pulse by the electrostatic discharge between Contact A and each 
positive supplies E1-EN here, 1-2, and .... 1-N is inserted, moreover, the 
protection component 1-1 for each negative supplies (or GND) G1-GN being 
connected to the radial focusing on the common contact B, and protecting each 
circuit from the high-voltage pulse by the electrostatic discharge between Contact 
B and each negative supplies (or GND) G1-GN, 1-2, and .... 1-N is inserted. 
[0016] Here, the above-mentioned protection network 1-1 - 1-N are realized by 
for example, protection diode, it can creep and that negative supply (or GND) 
and other negative supplies (or GND) are connected by one of positive supplies, 
other positive supplies, and the circuit where two or more protection diodes were 
connected to the serial. 

[0017] according to the gestalt of this operation ~ several positive supplies ~ N or 
several negative supplies (or GND) ~ the number of required protection networks 
is N individual to N. In the conventional example, the need number of a 
protection network can be lessened compared with the conventional example, so 
that the number of power sources (GND) increases only several combination 
minutes of a positive supply or a negative supply (or GND) according to the 
gestalt of this operation, since the protection network is required. 
[0018] In addition, although protection diode is used for the protection component 
used for a protection network with the gestalt of this operation, the protection 
component in this invention is not limited to protection diode. Moreover, it is not 
restricted to what also showed the circuitry of the protection network in this 
invention by drawing 4 of the conventional example, and drawing 5 . 
[0019] 



[Example] Hereafter, the example by this invention is explained using drawing 2 . 
As for drawing 2 , the number of power sources of the semiconductor device by 
this invention and the number of GND show the example at the time of being six 
pieces. 

[0020] Positive supplies E1-E6 are connected to the radial focusing on the 
common contact A, and the protection network 5-1 for protecting each circuit 
from the high-voltage pulse by the electrostatic discharge, 5-2, 5-3, 5-5, 5-10, 
and 5-12 are inserted between Contact A and each positive supplies E1-E6. 
moreover, every ~ GNDG1-G6 connect with a radial focusing on the common 
contact B ~ having ~ **** ~ Contact B and every ~ protection network 5- for 
protecting each circuit from the high-voltage pulse by the electrostatic discharge 
between GNDG1-G6 ~ 4 and 5 -6, 5-7, 5-8, 5-9, and 5-1 1 are inserted. These 
protection networks are one of positive supplies, other positive supplies, and a 
circuit that could creep and connected that GND and other GND to the serial for 
two or more protection diodes. 

[0021] In this example, the required number of protection networks becomes a 
total of 12 pieces at a time by six pieces respectively the power-source and GND 
side. On the other hand, by the insertion approach of the conventional protection 
network, it is respectively required of a total of every 15 pieces [ 30 ] the power- 
source side GND side, and the required number of a protection network can be 
considerable-number-reduced in this example. 

[0022] Here, considering the area of protection diode required for a protection 
network, in the conventional example, between each power source (or between 
each GND), although it connects in one protection network, by this invention, it 
connects between each power source (or between each GND) in two protection 
networks. In order that a protection network may act as a capacity, capacity is set 
to one half when it becomes a two-piece serial. Therefore, if it is going to make 
capacity by the protection component between power sources the same as the 
former in this invention, the size (area) of each diode is required twice. If the 
gross area of the protection component by the number of power sources (GND) 



of the conventional example and this Invention is measured based on this 
condition, when area of the diode of one protection network of the conventional 
example is set to 1 , it will become as it is shown in the following table 1 . 
[0023] 
[Table 1] 

Number of combination of a power source and GND 2 3 4 5 6 7 Protection diode 
gross area of the conventional example 2 6 12 20 30 42 Protection diode gross 
area of this invention 8 12 16 20 24 As shown In 28 table 1 When the number of 
a power source and GND becomes six or more pieces, it turns out that the gross 
area of protection diode becomes less than the method of the former [ direction / 
of the insertion method of the protection network by this invention ]. 
[0024] 

[Effect of the Invention] In the semiconductor device which has two or more 
power sources each other separated electrically according to this invention as 
explained above Connect each positive supply to a radial focusing on a common 
contact, and the protection network which used the component for electrostatic- 
discharge protection between this contact and each positive supply is prepared. 
Moreover, since the protection network which connected each negative supply or 
each gland to the radial focusing on the common contact, and used the 
component for electrostatic-discharge protection between this contact, a positive 
supply and this contact, each negative supply, or each gland was prepared The 
need number of a protection network can be reduced, so that it compares with 
the conventional example and the number of a power source or negative 
supplies (gland) increases, and area increase of the semiconductor device 
resulting from there being many required numbers of a protection network can be 
prevented. 
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[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the circuitry of the semiconductor 
device by this invention. 

[Drawing 2] It is the block diagram showing the circuitry of the example of the 
semiconductor device by this invention. 

[Drawing 3] It is the block diagram showing the circuitry of the semiconductor 

device of the conventional example. 

[Drawing 4] It is the circuit diagram showing the example of a protection network. 
[Drawing 5] It is the circuit diagram showing the example of a protection network. 
[Description of Notations] 
A, B Contact 

C1, C2, C3, C4, C5, C6, CN Circuit 

E1, E2, E3, E4, E5, E6, EN Power source 

G1, G2, G3, G4, G5, G6, GN GND (gland) 

1- 1, 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8 Protection network 

2- 1, 2-2, 2-3, 2-4, 2-5, 2-6, 2-7, 2-8, 2-9, 2-10, 2-11, 2-12 Protection network 
5-1, 5-2, 5-3, 5-4, 5-5, 5-6, 5-7, 5-8, 5-9, 5-10, 5-11, 5-12 Protection network 
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